Abstract. The present study is an attempt to introduce a method for optimizing the geometry of a unit process. The comprehensive unit process performances are generated by a CFD engine. The CFD engine can simulate the unit process performances at whatever conditions. Both design geometry and operating variables were used on the CFD simulation. The burden on a simplified process was taken out from CFD simulation. A complex geometry of a unit process is represented by a secondary reformer. A secondary reformer has a conical chamber as a space to undergo a combustion reaction before entering a catalyst bed. This complexity is added by the boundary on a porous solid surface as the top surface of the catalyst bed. The conical angle affects the flow pattern inside the conical chamber having a porous solid surface as its base. The conical angle above 65 o results the disappearing of the recirculation flow. The inlet distance from the porous solid surface also can exhibit different characteristics of recirculation flow. The closer the distance to the porous solid surface, the stronger the recirculation is. The inlet velocity values have no significant effect on the flow pattern. The introduction of a solid volume inside the geometry creates distortion in the flow pattern. In the application, the inserted solid volume is equivalent to a burner. It means that the use of the burner inherently produces some problems of the flow distribution.
Introduction
In conventional optimization, the object function is used to be maximized or minimized in term of the variables which may be unconstrained or constrained [1] . The process variable optimization uses the object function method. For geometry optimization, the variables are geometry and process variables. The object function in geometry optimization is not as straight forward as that in process variable optimization. The full picture of the unit process performance is definitely required to formulate the conclusion which geometry produces the targeted performances.
The full picture of the unit process performance is characterized by the distribution of the process performance indicators, such as concentration, temperature, velocities and others, over the space and time. The spatial performance of the variable indicators should be generated at least for two dimensional space or mostly three dimensional one to be more realistic.
The governing law for each variable in the spatial and temporal multidimension is the conservation law. The velocity variation over space and time is represented by the momentum conservation law. The basic momentum law is recognized as Navier-Stokes equation. The temperature distribution is based on the energy conservation spatially and temporally. The species concentration profiles are dictated by the mass conservation laws. These basic laws are well prescribed by [2] . With advanced improvement in the fluid flow modeling, the turbulent flow has been successfully modeled. One of the suitable turbulent models or most of engineering problems is turbulent kinetic energy (k) -turbulent dissipation rate () model or recognized as k- turbulent model [3] . The turbulent models are Porous medium
linked to the momentum, mass and energy equations. Other effects such as convection, radiation, mixing and chemical reaction can also be modeled. At this condition, the complex phenomena in the unit process become solvable.
The numerical method and the computer power revolution have opened the gate to dig more about spatial and temporal performance of the unit process. The numerical method on fluid flow is translated into a power computational engine, called Computational Fluid Dynamic code (CFD code). CFD is a numerical engine to generate spatial and temporal performances of the unit process. The variations of geometry can be investigated numerically to obtain the optimum geometry form of the unit process.
The geometry of a secondary reformer is formed by smaller diameter of transfer line of gas synthesis and a larger diameter cylindrical reactor vessel. A smaller transfer line is connected to the larger reactor vessel through a diffuser or conical chamber. The base of the diffuser is made of protective refractory bricks which are channeled by many vertical holes. A typical shape of the secondary reformer is shown in Figure 1 . This conical chamber is usually dedicated for a combustion zone.
The intuitive solution to overcome the poor mixing problem is to redesign the burner geometry and arrangement. This concept is well presented by Farnell [4] . He also introduced the CFD method to redesign the burner. However, the flow structure within the conical chamber has not been yet well investigated. The main focus there was the secondary flow in the conical chamber. The role of the secondary flow on the mixing needs to be formulated. A comprehensive understanding on the effect of the geometry of the unit process, such as a secondary reformer, require some optimization work focusing on geometry.
Since the present of burner itself destructs the flow structure, the flow characteristics without the burner should be well presented.
The objective of this study is to optimize geometrically the conical combustion chamber. The focus is paid to build the understanding of the fluid flow structure in a conical chamber having the porous type media in the larger base of conical region. The combustion is not included for this time. For the sake of simplicity and obtaining more figures of the flow, the conical chamber to be considered in this study is only two dimensional geometry. The results are useful to understand the fluid flow structures. A three dimensional investigation actually can be done However this will be conducted for the next studies.
Fundamental
All governing equations of the process variables are expressed in a general partial differential equation form for variable ,
The variable  can be velocity components (u,v,w), species concentrations (Y i ), energy (temperature T or enthalpy h), turbulent energy kinetics k, turbulent dissipation rate  and other variables.
The solving methods of the partial differential equations have been standardized into well accepted methods. These methods are well described by Patankar [5] . A full geometry of the unit process is meshed into a number of two or three dimensional finite cells from low to high mesh resolution. The equations, Eq. 1 are discretised by the finite volume method on each finite cell or other suitable discretisation technique to produce algebraic forms of variable equations. The algebraic forms of variables equation are solved numerically by employing a predictor-corrector solution strategy. The above numerical methods have been used by commercial computational engine software. The famous name for this computational engine is CFD.
One of the key elements in CFD engine is that turbulent flow modeling. The turbulence variables are introduced to follow the law of conservation described by Eq. 1. Many turbulence models have been developed and implemented in CFD engine. Detail about turbulence models development is given by Wilcox [6] . Among the turbulence models, the two variable turbulent model, turbulent kinetic energy (k) and turbulent kinetic energy dissipation rate (), is widely used and mostly satisfies the prediction for engineering problems. This model is well known as k- turbulent model. The transport equations of this turbulent model are stated by Eqs. (2) and (3). The ultimate objective in the unit process is to have good mixing indicated by the uniformity of concentration and temperature. Therefore mass and energy and models must be solved to be coupled with momentum and turbulent solution. For the mass transfer, the species transport equations are then solved simultaneously. The species transport can be with or without chemical reaction. For an example, when a conical chamber has to be used as a combustion chamber, such as a secondary reformer in an Ammonia Plant, well mixing, short flame, uniform temperature and velocity of hot gas entering the catalyst bed are key points to achieve an high conversion of methane to reduce the methane concentration leaving the secondary reactor reformer. These process performances links directly to the air burner orientation and the geometry of the combustion chamber geometry.
The meshing process of the geometry of the unit process is based on a numerical grid generation concept [7] . There are many grid generation codes in the market. How complex the design geometry, any grid generator can mesh it. This geometry is meshed in a number of finite cells. The inlet and the outlet faces of the flow are also specified when the meshing process of the geometry is conducted. The meshed cells are transformed to size and coordinates of each cell. The sizes and coordinates of the cells are read by the CFD code. Three dimensional geometry is setup as its size and shape. Every design of the geometry can be easily drawn and meshed into a number of finite three dimensional cells. The CFD code takes all the information about the cell sizes and coordinates.
Once the geometry is designed and meshed, the mesh information is sent to CFD engine. The physical phenomena models are selected in CFD engine whether turbulent flow only, or involving the species mixing with reaction or without reaction and energy transfer. The boundary conditions of the unit process are set up properly in the CFD engine. The right combination of CFD solver parameters are then invoked in order the converged solutions can be obtained. The CFD engine is run for each of designed geometry arrangement. Many commercial CFD engines are available in the market. The detail information is given in www.cfd-online.com. For this work, FLUENT CFD software was used as a CFD engine.
Methodology
A unit process performance is indicated by temperature, concentration, velocity levels and distributions and others. A conventional design geometry of a unit process mostly consider the levels of the process variables. Once the level is achieved in the mass and heat balance calculation, the geometry is then designed with very limited understanding and information about the distributions. As a result, the design geometry faces process and operational problems.
The conical chamber has a characteristic to produce a strong recirculation flow.
A dominant recirculation flow is sometime not wanted. This is because of large recirculation region with lower value of mass flow rate and dominant channel type of flow at high value of mass flow rate. The presence of the recirculation flow in a chamber is inherently created by the structure of the geometry, the flow inlet arrangement and the flow outlet boundary. Strong recirculation flows can be created inside geometry with cross-section area enlargement which is bounded by a porous media type (like catalyst bed).
To be focused on the exploration of optimization method in design geometry, the size and strength in generated recirculated flows are taken as the response variables. The independent variables are geometry and operating variables. The other response variable that is possible to be considered is the velocity profile to describe the degree of uniformity. The design geometry and operating variables should be arranged or set up to produce symmetrical behavior of the resulted flow pattern.
There are many possible design variables. The possible design variables are air inlet with or without inserted air distributor (air burner), height of air burner from the catalyst bed for secondary reformer with burner, location of air inlet, location of gas inlet, number of gas inlet, number of gas air inlet, catalyst bed diameter, conical angle of the conical chamber, height from the catalyst bed top surface to the mouth of the conical chamber, length of inner transfer line and diameter of inner transfer line. Each design is formed by a set of all possible combination of variables above. The operating variables are then applied to each selected design. The design and the operating variables are optimized using CFD engine. The optimization methodology is described in Figure 2 .
The structure of the geometry, Figure 1 , is composed by a catalyst bed zone, a conical chamber, a transfer line and a inlet region. The conical chamber has a conical angle , the heights to the mouth h CV 
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At the inlet plane, the y and x velocities are fixed to constant values. The turbulent kinetic energy (k) and turbulent dissipation are set to a condition that gives 6 % of turbulent intensity. The values of velocities at the wall are set to zero. Near the wall, the velocity profiles are modeled using a standard near wall velocity function [6] .
The porous medium represents the catalyst bed. The fluid momentum and pressure are solved by treating the porous medium as a fluid volume with an additional shear factor [8] . Ergun shear factor model was used in this calculation.
Results and Discussion
Flow pattern and profiles
The focus in this investigation is to characterize the global flow pattern in the conical region. For the purpose of flow pattern and profile presentation, the results for the run at conical angle 50 are taken to describe the global flow pattern. The flow inside the transfer line reaches the fully developed condition before entering the conical chamber. The velocity profiles at the inlet diffuser's entrance are flat. The transfer line function can be stated here as the inlet flow conditioner. 
Effect of conical angle
A conical chamber can act as a flow diffuser. When a porous solid surface is installed as a base of the conical chamber, the flow pattern will be affected by the porous solid surface in which the fluid flows through. A basic concept of flow provides an understanding about the recirculation flow. The recirculation flow can occur inside a conical chamber.
A question can be raised here is that do we need the recirculation flow. The answer might be yes or might be not. Another question is about the condition that results no recirculation flow. One of the possible answer is the conical angle. If the conical angle, as defined in Figure 1 , the recirculation flow can disappear at large value of the conical angle. Zero conical angle means that the flow area steps up suddenly. For other extreme condition, ninety degree conical angle equals to no change of the flow area or like a straight pipe. The recirculation flow definitely occur at sudden enlargement of the flow area. It will be absent for straight pipe. Both high and low inlet velocity values gives similar behavior of the recirculation flow. It can be said that the recirculation flow is very much determined by the geometry rather than the operating variables.
Effects of the inlet velocity location
What The extreme condition of the recirculation flow is shown in Figure 8d . The recirculation flow is very intensive. The central flow is a dominant channeling flow. The mass flux concentrates on the central flow. Two flows, recirculation and channeling flows, separate each other. This situation might not be good for the mixing and combustion reaction. The mixing could be poor before entering the bed. The hot spot condition will be severe.
The velocity profiles before entering the bed for different locations of the inlet are compared. The comparisons are shown for y-velocity profiles at surface of the bed y=0 m, Figure 9 . The inlet location in these comparisons is stated as the distance h between the inlet location and the top surface of the catalyst bed. As inlet closer to the bed, the profilitic behavior of the velocity become stronger. The central region on the catalyst surface could be suffered by the impingement effect of a strong jet released from the inlet that is closer to the catalyst bed. 
Conclusions
A method to optimize the geometry and operating variables using the CFD technique has been presented. The optimization of the geometry of a unit process can be pursued now using the detail process performances based on their distribution spatially and temporally. The superiority of using CFD technique for geometry optimization is due to its comprehensiveness, speed, less cost, flexibility and accuracy.
The conical angle affects the flow pattern inside the conical chamber having a porous solid surface as a base. A conical angle above 65 o results the disappearing of the recirculation flow. The inlet distance from the porous solid surface also can exhibit different characteristics of recirculation flow. The closer the distance to the porous solid surface, the stronger the recirculation is. The inlet velocity has no significant effect on the presence of the recirculation flow in the conical chamber.
